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METHOD FOR REGULATING THE ROTATIONAL SPEED OF A MOTOR 
MD A MOTOR FOR CARRYING OUT A METHOD OF THIS TYPE 

The invention concerns a method for regulating the rotation speed of 
a motor, and a motor for carrying out such a method. 

Digital systems for sensing and regulating the rotation speed of a 
rotating object ("rotor") are based on the fact that such a rotor generates 
one or more signals, e.g. needle pulses, pulse edges, or the like, at each 
revolution. These signals are referred to hereinafter as "events." 
Measurement of a rotation speed is based on measuring the time offset 
between such "events" or counting the number of such "events" that occur 
per unit time. In a regulation process, this rotation speed information is 
used to keep the rotation speed of a motor at a defined value. A "motor" 
(prime mover) is understood here to be any kind of motor, e.g. an internal 
combustion engine, electric motor, pneumatically or hydraulically operating 
motor, turbine, etc. The invention is preferably applied to regulating the 
rotation speed of electric motors. 

Since the number of suth "^ents" per unit time increases with 
increasing rotation speed, processing thorn in a digital system requires 
more calculation time as the rotation speed becomes greater, so that the 
calculation time available fory6ther processes decreases. 

It is an object of the intention to make available a new method for 
regulating the rotation speed of\ a motor, and a motor for carrying out such 

a method . . 

According to a first aspect of the invention, this object is achieved 
by a method according to claim 1. Because two digital frequency values are 
calculated, it is possible to subject one or even both of said frequency 
values to a mathematical transformation and thus, by means of the digital 
controller, to create a desired relationship between the first and the 
second frequency value. Often one of the digital frequency values, or even 
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both, will be multiplied by a constant factor, which in digital terms is 
often possible by decimal -point shifting and easily makes possible an 
electronic gearbox; other relationships are also conceivable, however, for 
example an exponential function or any other mathematical function in 
accordance with the requirements of the particular drive system task. 

A particularly advantageous embodiment of the invention is the 
subject matter of claim 5. Because multiple "events" of the frequency 
signal can be sensed with one measurement, an averaging takes place upon 
measurement of the frequency information. This is because if the frequency 
is ascertained by means of a plurality of short measurements, it is often 
necessary to determine a moving average from multiple measured values by 
calculation. With the invention, on the other hand, an average is obtained 
without additional calculation, thus additionally relieving the load on, 
for example, a microprocessor or microcontroller, both hereinafter 
abbreviated as M C . And despite the approximate definition of a measurement 
duration by means of the predetermined instants, in the method the actual 
r measurement takes place exactly between two events of the frequency signal. 

This has proven particularly advantageous because measurement exactly 
between two defined events of a frequency signal makes possible 
20 particularly high accuracy. 

i- Another advantageous development of the invention is the subject 

matter of claim 8. The result of this is that upon measurement of a 
rotation speed datum in the context of a rotor having a fixed number of 
"events" per rotor revolution, measurement always occurs between such 
"events" which are associated with the same rotational position of the 
rotor, i.e. complete revolutions are measured. This is of interest in 
particular for rotors which comprise multiple "marks" for generating the 
rotor position signal, which marks do not have identical angular spacings. 
The result of the development according to claim 8 is thus that measurement 
always occurs at the same point on the rotor, so that the exactness of the 
angular spacings is immaterial. High Measurement accuracy results 
therefrom. "Marks" are understood here also to mean invisible marks, e.g. a 
pattern in the magnetization of a permanent -magnet rotor. 
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Another advantageous development of the invention is the subject 
matter of claim 12. A frequency datum is measured continuously by means of 
such a method, since the next measurement seamlessly follows the present 
measurement. In the vicinity of each predetermined instant, a present 
measurement is ended and a new measurement is begun. If the predetermined 
instants each occur after a time T_A, a measurement then takes place, on 
average, after a time T_A in each case. Processing of the measurements for 
example in a M C. thus tikes place at regular intervals that are independent 
of the rotation speed. The M C is thereby under a uniform load for these 
tasks at all rotation speeds. Since in this case there is no pause between 
the individual measurements, this method is particularly suitable xf each 
individual revolution of the rotor must be taken into account for 
measurement or regulation, for example as is necessary in motors with hxgh- 
accuracy controllers or in stepping motors. 

The invention furthermore concerns a method according to claim 16. 
The result of taking into account the remainder in the subsequent 
measurement is that, in the context of a calculation of the frequency 
information by division, no frequency information is lost due to roundxng. 
This results very advantageously in an increase in the accuracy of the 
measurement, and is very advantageous in the context of complex control 
processes that require high precision. Two or more motors can thus run 
synchronously with one another by the fact that the same frequency sxgnal 
is delivered to all said motors, i.e. without a higher-level controller. 
Systems having higher-level controllers are relatively slow, have long 
initial transients, and are susceptible to oscillations especially at low 
rotation speeds. A method according to the invention, on the other hand, 
operates quickly because only a few program steps are needed to take the 
remainder into account. A method according to the present invention can 
also easily be switched over to different parameters, e.g. to a different 
"gearbox factor," different control parameters, etc. 

The preferred use of a ring counter according to claim 25, and the 
development according to claim 26, have the advantage that the terminatxon 
of one measurement and the start of the subsequent measurement are 
simultaneous because the ring counter is always running, so that no errors 
can occur due to measurement delay; and any delays (resultxng, for example, 
from the simultaneous occurrence of two interrupts) are subsequently 
immediately compensated for, since the time of the subsequent measurement 
cycle automatically becomes slightly too short. 

This makes possible seamless sensing of the rotation speed and an 
average rotation speed sensing error that is close to zero, since not a 
single bit is lost during measurement . A ring counter of this kind usually 
has a so-called pre-scaler with Whiph it is possible to set the frequency 
at which said counter counts. By patting this function on a bxt-by-bxt 
basis, the ring counter can be clocked at various fixed multiples of the 
quartz oscillator frequency of the fiC . The counting frequency and 
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resolution of the ring counter can thereby be optimized for the 
application. This setting can be accomplished by way of a parameter that is 
stored in the motor in a nonvolatile memory. The resolution of the ring 
counter can thereby be optimized for different rotation speed ranges usxng 

5 different parameters. 

Further details and advantageous developments of the invention are 
evident from the exemplary embodiments - which are in no way to be 
understood as a limitation of the invention - that are described below and 
depicted in the drawings, and from the other dependent claims. In the 
10 drawings: 

FIG 1 is a schematic depiction of an arrangement according to the 
present invention for regulating the rotation speed of a motor to a value 
that is defined from outside by a frequency signal f _s ; 

FIG. 2 shows the pin assignment of a M C used in the exemplary 
15 embodiment, in this case a Microchip PIC 16C72; 

FIG 3 is a schematic circuit diagram of a preferred embodiment of a 
ra otor according to the invention, in this case with one electric motor 32; 

FIG 4 shows a frequency signal f before and after signal processing; 
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FIG. 5 is a schematic depiction to explain a detail of FIG. 3; 
FIG 6 is a schematic depiction to explain a detail of FIG. 3; 
FIG. 7 is a schematized depiction of a control arrangement that makes 

possible an "electronic gearbox"; 
5 fig. 8 is a flow chart with an overview of the entire program, here 

in the form of a so-called function manager; 

FIG. 9 shows a function register that is used in conjunction with 

FIG ' 8 FIG. 10 is a state diagram for a preferred measurement method for 

10 measuring a frequency signal; 

FIG 11 is a diagram showing, by way of example, the quasi - 
simultaneous measurement of a setpoint frequency f_s and an actual 
frequency f; 

FIG 12 is a flow chart for a function TIMERO Interrupt; 
FIG. 13 is a flow chart for a function Hall Interrupt; 
FIG 14 is a flow chart for a function f_s Interrupt; 
FIG 15 is a flow chart for a function CALC_n for calculating the 
instantaneous value of the rotation speed (actual rotation speed) ; 

FIG. 16 is a flow chart for a function CALC_n_s for calculating a 
rotation speed setpoint n_s : 
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FIG 17 is a flow chart for a function RGLON which determines when 

FIG. 19 is a state diagram for tne genera 

prOCeSS '' mfnra controller in which the rotation 

FIG 20 is a state diagram for a controller 

sp . rf ;i 0 ;:l: - -;«; ction „ „ hich is adapt .a to 

th . =»« - t * epictioo to explain , — 

u ^ ■ t-H^ rase of a rotor having a single mark 290; 
™ th ° d in i; : sLe-atic deletion o £ , »t a „on a P ,ed calculation 



FIG 
function; 



on; e , ^^fprred manner of measurement 

FIG. 24 is a schematic depiction of a preferred ma 

the case of a rotor having two marks 291 and 292; 
in the case or deDiction of a measurement analogous to FIG. 

FIG. 25 is a schematic depiction ui 

i c nPrurs for explanation of the 
24 in which an interference signal S occurs, tor P 

operations occurring in that context; , 183 185 whic h 

't-v, !-v,t-o(= plpctric motors IB J., ibj, 
FIG. 26 is a depiction with three electric 

to „ di ££ .tent nn^ets o £ robot P ol,a and whicb bet, . «. related * 
sam e ..tpoint £ te,»«nc y signal £ _s to * •« » «'» »^ °; thre , 

dri „e „ctors *. «. and M3^ -bach « ™ gearbox function, run a £ 
£ cr tb.ir rotation sceed an »b b . ^ . » ^ ^ ^ ^ 
different rotation speeds that are at den 

rfpnlrtion with three motors Ml, M2 , Mi, 
FIG . 2B is a schema ic ^ fcwQ Qther motors M 2 and 

which Ml is the master motor that rQtation speed of 

M3 a signal TACHO that constitutes an "^"^ ° motors in such a 

Ml and that regulates the rotation speeds of the othe rotatio n 
way that said rotation speeds are always at a defined ratio 

speed of motor Ml; and which shows the 

FIG 29 is a schematic depiction analogous to FIG. 6 which 
, an electronically commutated motor 32" by /xC 23. 
"IZ: 1 or grating p~t. at. labeled bereinabter with 

tbe - characters and ate usually described only once. 
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FIG 1 is a block diagram of an arrangement 18 according to the 
present invention having one motor N. The latter is depicted here as 
electric motor 32, but could be any other motor whose rotatxon speed can be 
eiectIiL . 1 a _ „ f hp rase of an internal 

m odified by means of an actuating signal, e.g. - the case 

combustion engine by means of a change in fuel delxvery, xn the 
ste am turbine by way of a change in steam delivery, etc. 

Electee motor 32 is connected at a terminal 33 to a ^tx e 
operating voltage + U_B and at another terminal 34 to ground GND . The 
energization of motor 32 is controlled by means of a control output 
in order to regulate its rotation speed. A rotor posxtxon sxgnal o motor 
32 is d elivered as frequency f 2, to . microprocessor or m: L o - 
hereinafter called ,C 23. A setpoint frequency f_- 25 xs also de 
M C 23, e.g. from a frequency generator 20 that can also be for example^ 
nother eL,, motor, as will be described below with re -nee to - 
28 . Xn FIG . 28, motor Ml defines by way of its output sxgnal the rotatxo 
speed of motors M2 and M3 , i . e . the latter can, for example, run at the 

mt a r different rotation speeds that are 

same rotation speed as motor Ml, or at dxfferent 

at a desired rotation speed ratio to the rotatxon speed of motor Ml. 
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r 23 is small it can be combined together with motor 32 into 
" ntH motor unit 18 with an "electronic gearbox." This 

m odule 18, namely xnto a motor unit referre d to, according to the 

is possible even for electric motors that are reterre 
common definition, as miniature or submimature motors 

i m plemented in „C is a rotation speed controller n-CTRL 35 £a 

, , * ™ 07 so as to create, between setpomt frequency 
re gulates control output SW 27 o as ^ibed as follows: 

f_s and actual frequency f, a fixed ratio c 

f o/f = v/z ^ . j 

wh ere /and . are whole numbers. This is therefore the aforementioned 

■■electronic gearbox . - synchronously to control one 

This makes it P OSS1 * le ' mofcor 183 having a four-pole 

-tor 181 having a two-pole rotor R_2 , one & ^ 

mfnr R 4 and one motor 185 having a six-pole rotor k_ a 

Three .oter, rotate at the desired rotation =P«ed » that ts at 

specific ratio to f _J3 . 

For that purpose, for example, 

f_s / f_2 = 20 / 2, 

f_ s / f_4 = 20 / 4, and 

//iin/th. Ltua! .te^ntv o £ two-pole rotor R,2. £ _4 the 
I! o tr "in of toor-poie rotor K_4 . and ... the aoto - ™oy * 
actua H . . - rn 9fi based on the assumption that a Hall 

rotor R_6. The depiction in FIG. 26 based ^ ^ ^ 

generator controlled by the magnetic field of the rot q 

Lrein. - the nana. ^ ^^Z^Z^ZJ^I^ *J. »o 
T 2 " i ":"Z> <■ «U ta.e piaee per revoiotion. 

Thir:.:: : „,n eha„ 9 e S ^te r: : « 

, . p « =ix Hall changes occur per revolution. 

ha^ eeee/a^oteta, in „hich the *„, „net he at a ii.ed rot.tron 
speed ratio to one another. 
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i ^ - nC ?3 In this exemplary embodiment, 

FIG. 2 shows the terminals of a fiC 23 . , THq is 

n , rnllpr of th e MICROCHIP company is used. This is 
j i t^t n i^r , '7? microcontroller oi 
a model PIC 16C /2 micxo^ timer two PWM 

Tf ^^^t-^-inQ a 16-bit timer and an 8- .bit umei , 
q »- nrnressor. It contains a id uxu 

represents only one example, but it has proven 

embodiment described. CLKOUT 

uC 23 has, among others, terminals MCLR 37, VSb 3 
40 CI 41 B5 42, B4 43, VDD 44, VSS 45, SDA 46, and SCL 47. 

' PXO. 3 shows a greatly schematized circuit diagram of a preferred 
arrangement with one electric mote. :« ^ ^ cQrresponding 

The terminals of llC 23 are aepicuem 

connected to a quartz oscillator 75. Termina connec ted to 

• n W q 45 to around GND, and the two terminals are connected 
and terminal VSS 45 to groun ^ timer1 

one another through a capacitor 77. fiC 23 has t 
that are depicted schematically in FIG. 1 

Setpoint frequency f_s passes via a line 25 to a 

and from there via a line station speed of motor 32), 

Actual frequency f (corresponding 
whi ch is sensed by a rotor position sensor 61. passes via . line 29 to 

3 i= _ via line 59 to terminal B5 42 or z ^ 

filter FILT 57, and from theremh» ^ ^ ^ ^ ^ 

An EE PROM 80 has terminals SDA 81, bLl, bj, 

100, A2 101, and A3 103. \ terminal SDA 

Terminal SDA 46 of M C 23 is connected via a line 
81 of EEPROM 80 and to an external terminal 105. 
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Terminal SCL 47 of „C 23 is connected via a line 79 to terminal SCL 
Terminal SLL tfarmina l 107 Terminals 105, 107 provide 

83 of EEPROM 80 and to an external terminal iu/. 

ronnection to a communication bus B. 

finals VSS ... » 100, A2 1.1. and » 101 of EEPROM SO are 
connected to gt ou„d GND . Ter.ina! » » i. connected via .resistor 97 to 

i era ri and SCL 83 are connected via pull-up resiscoic 
ground GND. Terminals SDA 81 and SLi, 

85 and 87, respectively, to + 5V. Terminal VDD 89 is connected via 

to +5 V and via a capacitor 93 to ground GNT. influences the magnitude 

Motor 32 has an adjusting member SG 63 which 
of a current i flowing through motor 32 

Adjusting member 63 is connected via a line 33 to voltage . 
control output SW is delivered via a line 27 from terminal C of , 23 to 

^ in order to influence the magnitude of current i. 
adjusting member SG 63 in order to ^ 

resistor 65 is located between terminal CI of M C 23 ana 

resisroi Rpt , istor 65 and capacitor 

fifi is connected via a capacitor 67 to ground GND. Resistor * 
" :: 9 e: h er for. an iteration whose operation .111 b. ««P— 

below with reference to FIG. 5. 

MODE OF OPERATION 5V 

ac 23 receives its operating voltage through terminal VDD 44 at 
and VSS 45 at ground GND . The supply voltage is protected from voltage 
spi.es and dips by a filter capacitor 77. The clocx « 23 is 

generated by means of oscillator 75 connected to terminals CLKIN 

CLKOUT 40. serve for serial transfer of 

Terminals SDA 46 and SCL 47 of 23 serve 
data between ,C 23 and EEPROM 80 (terminals SDA 81 and SCL 83 

„i„ thPreon) and to external terminals 105 and 107, 
respectively, tnereonj , nnu <- 

t-^A fnr pxamole to external bus B. 
respectively, that are connected, for example, 
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■ „_ h t- = voltaqe via terminal VDD 89, which is 
EEPROM 80 receives its voltage via ranacitor 
„ ■ linP ,1 to + 5V and is additionally protected by a capacitor 
connected via line 91 to + 5V connected to ground 

93 from voltage spikes; and via terminal VSS 99 that resistor 97 , 

GND Write-protect terminal WP 95 is taken to ground GND via resistor 

' P , hn ^ mpnt REPROM 80 cannot be written to. For 

go that in this exemplary embodiment Kbf kui ° 

so that m tn f ^ which provlde 

,. hp c, ame reason, terminals Al lou, iui > 

the same rea ronn ected to ground GND. In this exemplary 

address coding, are also connected to g Variants 
embodiment, the parameters are permanently written 

! • a „ FEPROM 80 that can be written to by 23 or via bus B are 
"y 7" cf- for example PCX plication PCT/EP99/0518S of the 

_ _ _ 01 i qqq (PCT216 = PCT-3036) . 

A pplicant, dated OUly 21^ »"J^ ^ cQnfigured as ope n collector 

The two outputs SDA 81 ana o^> 
outputs, aud are therefor. »ired to pull-up resistors 85 and 87, 

re8PeC set P oL £ re q e.„e Y f_s is furnished external, fro. a 

operator er another -tot. hctual t<„ ^J^Z^^J 
sensor 61. "hioh furnishes a constant number of pulses pe 
;„o„n t Y pe of sensor oan he used as sensor 81. . * . ~~ War; • 
tacho 9 enerator that .urn, ^ ^ , J 

generator; or an optical, inductive, o liaiia n v sensed by 

lts re::.:: rxr::;:: = 
b . used a. r ^^-r/rr^r 

tachogenerator are then eliminated. The use or a desired for the 

ir - hi ah frecruency of signal f is desirea lui 
however, be advantageous if a high freque y 

actual frequency, for example if the rotation speed is low, e.g. 
case of a marine diesel with a very low rotation speed. 

Filters FILT s 51 and F1LT 5 7 serve to condition the edges of 

~~ i fVpmiPncv f respectively, so that tne 

setpoint frequency f_s and actual frequency , re p 
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4r,^r-yimtible inputs B5 42 and B4 43 
j t-uo rpsoective interrupt ijjj-c 

pre sence of an edge at th ^ pILT s 51 and FILT S7 can be 

reliably triers an nterrup - ^ -^.^ 

configured, for example, as RC memb ^ 5J _ 

With appropriate signals f and f _s , 
j t-itt rn 1-7 ran also be omitted. 

™ I;,, o, tb. e«ect o £ tbe £; -o™ - 0 £ . filT 

TO . „ sho„e actual ' ^ °« - - condltio „ ed in 

57, and FIG 4B shows actual frequency f after 

filter FILT 57. derive s, for example, from a Hall 

Actual frequency f in FIG. 4A aeri 
ge nerator, and its edges 10, are less steep^ ^ ^ ^ ^ ^ 

Actual frequency f m FIG . 4B inte rrupt in mC 23. 

Edges 110 are steep, and can reliably trigger a outputte d 

Into an e„elo g volteo. eppr,* £ matel Y proportior. ° C „ ^ 

ouC put „, -bleb X. «- . ■ " ^ me „ ber so „ 

delivered to adjusting member SG via 1 , d1 „ sting member SG 63 can 

be configured, for exampi^, 

PWM adjusting member, or in another fash lon . pIQ _ 3; and 

FIG . SA shows PWM signal PWM_SW from terminal ^ 
• ^„ii, e( i form, control output SW that is 
FIG. 5B shows, m idealized form, resist or 65 and capacitor 67 

66 of FIG. 3 by the RC member constituted by resisto 

^-^*-^-r of PWM SW decreases, 
as the pule, duty £ «=ter of ™- puM pM ,_ s „ o£ FIG. 5A. 

eo„tror::;::; 3 srr™ d r/r, ^ . — • - - 
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Pulse duty factor TV is generally defined as 

( 2 ) 

TV = t ~TZ the time t on (FIG . 5A) during which the PWM signal 
i.e. as the quotient of the t me to I ^ ^ 

i. HIGH (here from 121 to 123, a *e . percentage , and 

from 121 to 125) . The pulse duty factor is 

can therefore assume values from 0 to 100 percent : 

in FIG. 5A, the pulse duty factor decreases from left 
l cw n FIG 5B also decreases from left to right. 

„. .o r,:M rotation speeO tan be control ^ -ana ot pu3.se 

duty factor TV_SW. exemplary embodiment for 

FIG . 6A shows, purely by way of example, an exemp y 
adjusting member SG 63 of FIG. 3 that serves to control rotation speed 

a motor 137, which is depicted here as a ""^^"^ . posltlve 

or- a-x mmnrises a comparator lJi ndVlliy ^ 
Adjusting member SG 63 comprise* * d an 

input 132 and a negative input 133, a triangular generator DG 134, 

npn transistor 135 delivere d to positive input 132 of 

From node 66, signal SW 1 aenera ted by triangular generator DG 

comparator 131. Triangular signal u_D generated y 9 
134 is delivered to negative input 133 of - a ^J^ered to 

the output of comparator 131 and is aeix 
PWM M is created at tne uutput jr , irAll .- np ,tt r 

• n -*c Transistor 135 switches between operating voltage + U_B 

'"•TV a line 3 and mo tor M 13,, which is connected via line 35 and 
"cilted Tth it a tachogenerator 133 for producing a frequency f 

proportional to the rotation ^ &s u D and sw , a nd FIG. 

FIG . SB shows examples of profxl s f 9 ; ransist or 135 is 

6C shows a signal PWM_M resulting therefrom wit 
switched on and off. 
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i „ n *nri SW If control output 
Co.para.or .3, compares the two "^-^^ pwM _ M is H XOH ; 
SW is greater than triangular voltage u D the P 9 m ^ ^ 

otherwise it is LOW • ^r^tude of control output SW. Xn EXC . SB, 
controlled by means of the magnx ^ e ^ factor 

signal SW increases from left to right . As 

PTP en i ^ also increased rrom leu- ^ 
of signal PWM_M in ' 6C 1S alS ° and therefo re more output 

io-7 ai cn receives more cuiicul « 
Since motor 137 also rece ^ ^ ^ , g higher< 

■ hr.nqi qtor 135 when the puise uuu-y 
via tranS1St °* can be contr olled by way of the magnxtude of 

the motor rotation speea c-dn 

control output SW . Iden tical or identically operating 

FIG . 29 shows a variant ^J™^ characters as in FIG . 6. The 

partS are therefore given th - re ^ electronlC ally 

mo tor is dieted ere - a so called j> ^ 

commutated motor (ECM) 32 which , magnet ic field, a Hall 

ma gnet rotor 732. The latter ^l-'^oug^ * ^ controls 

generator 61 which generates signal f and ^ e< in 

r cr-M ECM 32' can be construccea, 

the commutation of ECM 32 . example. The 

,-n-v, nF 23 46 380 C2 . This is, of course, oniy 
accordance with DE 23 a different number of 

invention is similarly suitable for ECMs g to one 

phases and a different number of rotor poles, as 

skilled in the art. ^ ^ ?38 _ Current ix in 

The two phases of ECM 32 a transis tor 740 with free- 

phase 736 is controlled by an npn ^rlxngton ^ t 

reeling diode 742, and an npn^ar ,n ton - ^ ^ 

diode 746 serves to con r rrent^ _ ^ ^ & resistor 

transistors 740, die 

74 8, to GND- of uC 2 3 via an AND 

Transfer 740 is controlled b Y a poro 0UT1 of pC 

al.„a»t loo. which has aiona! W*H « ^ ch» <JU 

S3. F i.. - n r.. » ». ». ^ » £ 

which comprises square-wave pulses at, 
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sai a PU 1 S «= i. by the m a 9 „ 1CU a. o £ tl- vc lt , 9 e " 

^ ot-or- 744 therefore becomes conductive only u y 

adjuster 63 T *"'"'°^J^ output of PW M adjuster S3 and at output 
"1" signal is present botn at une u ^ 

OUT2 of MC 23^ ^ fc Qf ^ element 750 and 

A resistor 754 is resistor 75 6 is present analogously for 

i hranq qfor 740. ana a rebibuui r 

the base or transibLux. /^^, 

transistor 744. d S314 outputs 

0UT1 and OUT2 of ,iC 23 are switcn reC eive current. The 
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schemata overviev, op a preferred embodiment oe the erooram 

SCHEMA ^ ^ ^ ^ ovetview of pIW „ ,«~ - 

The pro,™ e-prU.. • — ' " a n a^u" va ^ue „— 

. r: -; ~n ii pat id n s" 143, an actual vaxu ^ 

;rrr: r~ rr:^ - 

- ^ !• r™ PWM" 155 at whose output signal y 
output generator GEN 155 "MEAS f b- 141. Here the number 

qptnoint frequency f_s is measure j. - 
, H sTrO in FIG 4) since the last measurement is measured in . 
of edges (110 in tib. t measurement is 

variable INT_MEAS_f _s , and the instant of the present 

measured in a variable t_MEAS_f _s . 
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„ rMr _ _« 143 calculates therefrom the 

s « POi » t do. >«^ s <— B : a :- ned belo „ . ith » ™. 

rotation speed setpomt n_s . This 

15. f •„ ii mf.AS f" 14 7 and the 

The measurement of actual frequency f in MEA ^ ^ 

calculation of actual rotation speed n xn CAL ^ ^ 

entirely analogous to the measurement of £ .„ „ CALC n _ s „ 

£ ... 141, and rotation speed setpomt n s is ca a factQr x , 

- In ..x * n_s" rotation speed setpoint n_s is mult P 

« actual rotation speed n is aeix 
,„d that produce a, well the « sult is that twice 

deviation „tat ion speed setpoint is delivered to .yste„ 

the value of the measuicu value 

id while if for example, X = a 
deviation calculator 151; wnne , . delive red to system 

eorreapondm, to haif the r;f -, T - ™: t ra g .arho x function; it 

I~oor^.t factor. - aa, ,« e^ple. X . X.«, can 

also be set in this context ^ bloc> . 145>> in 

™- ' ^ Sh0 " fi ' e r h „ ; t t d by a factor V. Variant », 

which actual rotatron .peed „ i «ul P ^ ^ ^ ^ of . oyoCem 

— I, ll—r^OiPP canted ^^S^T"" 
151 i. delivered to controller function PX-SSL IS , = ^ ^ 

controller value RGL.VAl therefrom. The — ■ 

described in detail ^^TTZ.ol output generator 1". 
Value RGL__VAL is delivered t ^ ^ . = 

„hich converts it ,ln «h~ * more detail in r». ». 

oetputted « output CI of e ^ ^ ^ ^ „ ±> controlled BO 

By means of signal , 

. . ■ _ t^t, DIFF becomes zero, 
that system deviation RGL_uirr 
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GENERAL CONFIGURATION OF THE OVERALL PROGRAM ; FUNCTION MANAGER 

The architecture of the overall program executing in „C 23 be 

oref erred exemplary embodiment. The subprograms 
described below using a preterrea exempj. i . _ 

descrl , . ... , , TVl „, aT . p desiqned specifically for an 

will then be described individually. They are design p 

-, i Tf an expensive processor is used, other 
inexpensive microcontroller. If an expensive p the 

apP roaches are also possible m the context of the ~ ^ _ 
version described has the advantage that it can be p mechanical 
cost, so that great savings can be realized as compared to a mechanica 

gearbox. ^referred embodiment of the overall 

FIG. 8 shows a flow chart with a prererreu 

program executing in (iC 23 . . . rrim| . S631 

chrpp interrupt routines - Hall Interrupt bbJi 
At the very top are three interrupt 
(pTp 13) f s Int errup t S635 (FIG . 14), and TIMERO Interrupt S639 (FIG. 
(FIG. 13), f_s inte p respecti ve interrupt 630, 634, or 

12) - which are executed each time tne p 

fi38 occurs and which act on the main program via 632, 636, 640. The 

638 occurs and which fche individua l program elements are 

priority, i.e. the sequence i thprefore labeled 

executed, decreases from the top down. The priorities ar 

L1 through L10 along the right side, LI having the high est P«°«£; 

The main program is depicted below the interrupt routine. 
motor 32 is switched on, an internal reset is triggered in „C 23. 
motor . example, parameters are read 

initialization of M C 23 occurs m S600. For example, p 

out of EEPROM 80 and transferred into the RAM of ,C 23. 

After initialization, execution branches into a so-called function 
manager 601 that begins in S602 . Function manager 601 controls the 

execution of the individual sub must be performed at each 

Those functions that are time critical 
pass are executed first. These include, for example a ~-unication 
Junction COMM in S604 which performs data transfer between ,C 3^ EE ROM 
80, and external bus terminal B. S606 represents any further time 
functions that may be present. 
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FIG. 9 shows an example of a function register 605 in which one bit 
is reserved for each further function in FIG. 8. 

in this exemplary embodiment function register 605 is one byte long, 
and the following request bits, starting with the least significant bit 
(LSB), are defined for the requestable functions that are explained later: 

FCT XY for any function S612; 

FCTlcALC_n for an actual value calculation function CALC_n S616 (FIG. 
FCT_CALC_n_s for a setpoint calculation function CALC_n_s S620 (FIG. 



15) 



16) 



17) 



FCT RGL ON for a controller start check function RGL_ON S624 (FIG. 



FCT_RGL for a controller function RGL S628 (FIG. 18) . 
The remaining bits (bits through bit7) are reserved for additxonal 
requestable functions that may be integrated into function manager 601 as 

applicable^ calculation function CALC_n S616 (FIG. 15) serves to 

calculate actual rotation speed n; setpoint calculation function CALC_n_s 
S620 (FIG. 16) serves to calculate rotation speed setpoint n_s ; and 
controller start check function RGL_ON S624 (FIG. 17) checks whether the 
conditions exist for initiating the subsequent function RGL S628 (FIG. 18) 
and requests that function as applicable. Lastly, controller function RGL 
S628 calculates the new control output RGL_VAL (FIG. 7) and outputs xt to 

adjusting member SG 63 of motor 32. 

If a specific requestable function is to be requested by another 
function or by an interrupt routine, the bit of the requested function xn 
function register 605 (FIG. 9) is set to 1, e.g. FCT_XY = 1. If functxon 
manager 601 finds no other requestable function with a higher prxorxty 
during a pass, that function is executed. 
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Once a requested function has been executed, it sets its own request 
bit back to 0, i.e. for example FCT_XY = 0. This allows longer functions - 
which cannot be executed in one pass because, for example, they would take 
too long - to be subdivided and processed in multiple calls. 

in FIG 8, after S606 the program checks in a predetermined sequence, 
beginning with the most important requestable function, as to whether each 
function's request bit is set. If such is the case for a function^ xt : x. 
executed; and execution then branches back to the beginning FCT_MAN S602 of 
function manager 601. The sequence in which function register 60S is 
L0 checked defines the prioritization of the requestable functions. The higher 

up a function is located in function manager 601, the higher its priority. 

The mode of operation of function manager FCT_MAN 601 will be 
explained with reference to an example. If the program branches, for 
example, from S6I0 to S614, S614 then checks whether function register bit 
15 FCT CALC n = 1, i.e. whether actual value calculation function CALC_n S616 

(depicted in FIG. 15) has been requested. If Yes, execution branches to 
S6I6 and the rotation speed calculation is performed. Upon termination, 
rotation speed calculation function CALC_n S616 resets request bit 
: FC T_CALC_n back to 0 (cf. S374 in FIG. 15), and execution branches back to 

20 the beginning S602 of function manager 601. 

If a request bit was not set in any of the polls up to S626, 
7: execution branches without any action back to S602, and functions S604 and 

. , ^<-"h of function manager 601, are 

S606, which are executed at each pass or 

performed again. 

The function manager results in optimum utilization of the resources 
'1 of ptC 23 - 
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MEASUREMENT OF ACTUAL VALUE AND SETPOINT 

The measurements of actual frequency f and setpoint frequency f_s 
proceed identically but independently of one another. It could also be sard 
that they proceed in quasi -parallel fashion, "quasi-" meaning that a true 
parallel processor (which would also be possible in the context of the 
invention) is not used in this exemplary embodiment. The discussion below 
will first address the measurement of actual frequency, the actual 
frequency being an indication of the rotation speed of motor 32 (FIG. 3) . 

MEASUREMENT PRINCIPLE 

FIG. 22 shows a rotor 32 having a mark 290, and a sensor 61 for mark 
290 that serves as rotor position sensor. Rotor 32 is usually part of a 
motor M If this is an electronically commutated motor (ECM) , it usually 
has a rotor position sensor 61 which can then also be used for the present 
invention . 

By means of mark 290, rotor position sensor 61 detects a rotor 
position signal f . Rotor position signal f comprises pulses at pornts 165, 
166 167, and 168, etc., one revolution of rotor 32 having taken place 
between each two pulses. The time axis is labeled t. These pulses represent 
"events" in the rotation of rotor 32. In FIG. 22, one event (i.e. one 
pulse) is generated for each rotor revolution. 

By means of rotor position signal f, the rotation speed of rotor 32 
is measured as described below. At regular intervals T_A a start signal 
261 263 etc. is generated, requesting a new measurement each time. 

The start signal at point 261 is followed by pulse 265, and the start 
signal at point 263 is followed by pulse 268. The measurement takes place 
between points 265 and 268. The number N of pulses of rotor position sxgnal 
f occurring after 265 up to and including 268 is measured (i.e. N - 3 in 
this case), as well as the time At(165-268) required for said pulses. The 
frequency of rotor position signal f, and thus the rotation speed of rotor 
32 can be determined therefrom. At each of points 265, 268 of the 
measurement, an old measurement is terminated and a new measurement is 
started The procedure is therefore such that, at the pulse following start 
signal 261, 263, an old measurement is terminated and a new measurement 
simultaneously begun each time. 
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The number N of pulses can be measured, for example, in a counter, by 
the fact that in said counter, the value N at the end of each measurement 
is reset to zero and the counter value N is then incremented by 1 at each 

pulse . £r 

The time At can be measured, for example, by taking the difference 

between the time at which the measurement starts, e.g. t(265) at point 265, 

and the time at which the measurement ends, e.g. t(268) at point 26B. 

For example, if t(265) = 17.7 ms and t(268) = 87.7 ins, 

then 

At(265-268) = 87.7 - 17.7 = 70 ms . 

Start signals 261, 263, which occur at fixed intervals T_A, create a 
measurement window. The measurements do not, however, take place exactly at 
the instant of the respective start signal; instead, measurement occurs at 
a suitable point, subsequent to the respective start signal, at whxch a 
pulse ("event") of rotor position signal f occurs. If a measurement were 
made at the instant of the respective start signal, the beginning and the 
end of the measurement would take place, in most cases, at a point between 
two pulses of the rotor position signal. This would result in an inaccurate 
measurement. Waiting until the next pulse, however, means that complete 
periods between the pulses are measured, resulting in a great increase m 

measurement accuracy. 

FIG 23 schematically shows a calculation of rotation speed 
rotation speed calculation function 270. Function 270 receives as input, at 
time intervals having an average duration T_A, the number N of pulses and 
the time At required for that number N. Function 270 calculates therefrom a 
rotation speed datum n as the quotient of number N and time At: 

n = N / At (3) 
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INCORPORATING THE MODULO FUNCTION INTO THE MEASUREMENT 

FIG 24 shows rotor 32' (of a motor M_2 ) having two marks 291 and 
292, and rotor position sensor 61. Marks 291 and 292 are offset by 

approximately 180° mech. 

Rotor position 61 senses a rotor position signal f by means of marks 
291 and 292. Rotor position signal f has pulses resulting from mark 291 
(shown in solid white) at points 276, 278, 280, and 282, and pulses 
resulting from mark 2 92 (shown in solid black) at points 275, 277, 279, and 
281. Between each two "white" pulses and between each two "black" pulses, 

rotor 32' has rotated once. 

Since the pulses generated by marks 2 91 and 2 92 cannot be 
distinguished, it may be stated more generally that one complete revolution 
of rotor 32' takes place between each pulse and the next pulse but one 

(e g. between N = 1 and N = 3) . 

The following considerations underlie the measurement of rotation 

speed n of rotor 32' in FIG. 24: 

Marks 291, 292 can never be arranged absolutely symmetrically. If it 
is assumed that mark 291 is located at 0" mech., mark 292 would need to be 
located exactly at 180° mech. Due to mechanical defects, however, it may be 
positioned at, for example, 183° mech. This would result, for the case of a 
measurement that begins at point 276 (mark 291) and ends at point 281 (mark 
2 92) , in a measurement error, since the angular range being measured is 
then not an exact multiple of 180° mech. 

To solve this problem, only complete revolutions are measured in each 
case in FIG 24; i.e. measurement always takes place between marks of the 
same type, so that an exact multiple of 360° mech. is always measured. The 
measurement that begins at 276 (i.e. after starting pulse 271) therefore 
ends not at point 281 but at point 282, which is the next point after start 
signal 273 at which one complete revolution (considering the measurement to 
have started at point 276) has once again taken place. 



22 





This condition can he descried «,h-.«l«ll, using the MODULO «od, 
function; for example, 

N mod 2=0 ( ' 4 ' loft For 

„.,„. Chat whan the vaiua . is divided by 2, a <* ° ■ 

* o n 1 mod 2 = 1, 2 mod 2 - 0 , 3 mod 2 = 1 , etc . 

5 exampie ' ° :° d 2 d : °' 0 rid 4 = \, 2 mod 4 - 2 . 3 ^ * . 3 . ana 4 mod 4 

Similarly, 0 mod 4 = 0 , 1 mod 4 

= 0 ' Tn'FIG 24, "N mod 2" appears at 283 below pulses 275 through 282, 
and a measurement ends/starts, for example, only if a measurement is 
ana a med^ ai „ n -i 971 273 and additionally if the 

L0 requested by means of a start signal 271, 2 3 

condition N mod 2 = 0 is met. Stated more generally, n FIG. 24 the 
of H mod 2 must be the same at the beginning and at the end of the 

"Trotor has a number of marxs A, the condition stated in equation 

15 (4) is then generally 

N mod A = 0 

:■ or 

N mod A - const. (5) . f 

■ a uHll be referred to hereinafter as M0D_f , i.e. A - MOD_r , 

The variable A will Joe reiencu 

2bn and equation (5) then becomes 
1; N mod M0D_f = 0 

or 

N mod MOD f = const. ( 5a > nl . r 

The first^marx erther can be selected by means of a particu _ 
ignal, or the first measured signal can be selected as a pulse w th N 0. 
Wb will be clarified even further in the explanation referring to 

13 ' „ Hh,„ occurs either, as shown in FIG. 24, between 

The measurement thus occurs ed-unc , 

„ white .. pulses or, as depicted on the right side < ; f FIGGIS -.^ 

between pulses 276 and 28 . N P ascertained and equa ls At (276- 

time offset between pulses 276 and *.oz 

282) . A rotation 
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speed datum n is then calculated from these two values using equation (3) . 

Let it be emphasized that in reality there are no -white" or "black" 
pulses; rather these are a didactic aid for explanation of one aspect of 
the invention. 

WHAT HAPPENS WHEN INTERFERENCE PULSES OCCUR? 

FIG. 25 shows, by analogy with FIG. 24, a rotor 32' having two marks 
781 and 782, and rotor position sensor 61. Rotor position signal f 

comprises events in the form of pulses at points 717, 718, 719, 728. 

The pulses are generated alternately by white mark 781 and black mark 782 
as the latter rotate past rotor position sensor 61, and are therefore, for 
better comprehension, depicted in white and black. In addition, an 
interference pulse S occurs between pulses 720 and 721. Control signals 
711, 713, and 715 for requesting a measurement are also depicted. 

Beneath the pulses, the value of counter N for the number of pulses 
is indicated in row 732, and the result of the calculation of N mod 2 is 

shown in row 730. 

A measurement normally ends/begins whenever a measurement is 
requested by means of a control signal 711, 713, or 715, and the value of N 
mod 2 is also equal to zero, i.e. when rotor 32' has rotated an integral 
multiple of one revolution since the last measurement. 

The result of interference pulse S is that in the context of the 
measurement in the time period At (718-723) , it is assumed that rotor 32< 
has completed one entire revolution between pulses 720 and 721, even though 
it has completed only half a revolution. As a result, after control signal 
713, measurement occurs not at the "white" signal 722 but at the "black- 
signal 723, since after interference pulse S, it is no longer at the 
"white" pulses but at the "black" pulses that N mod 2 has a value of zero. 
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Measurement is already proceeding correctly again in the following 
time period At(723-727) / however, since measurement is now occurring at 
each of the "black" pulses. What occurs as a result of interference pulse S 
is therefore a displacement of the position of rotor 32' at which 
measurement takes place. The same would be true if a pulse were missing. 
The measurement method thus continues to work correctly after an incorrect 
signal S, and once again measures a multiple of one complete revolution. 
This represents an important advantage of this embodiment. 

FIG. 10 shows a state diagram for measurement of the actual 
frequency. The state diagram comprises four states SI, S2, S3, and S4 , and 
six transitions Tl , T2 , . . . , T6 . 

Each transition has an event and an action associated with it. 

Table 1 below shows the associated event and associated action for 
each transition. 



Transition 


Event 


Action 


Tl 


Interrupt due to edge of 
signal f 


Read and store TIMER1, 
increment INT_CNT_f 


T2 


Interrupt due to TIMERO 
after time T_A 


Enable actual value and 
setpoint calculation and 
controller 


T3 


Interrupt due to edge ot 
signal f 


Read and store TIMER1, 
increment INT_CNT_f 


T4 


INT CNT_f mod MOD_f = 0 


Calculate t_MEAS_f , 
INT_MEAS_f, start CALC n 


T5 


Instantaneous 


None 


T6 


Instantaneous 


Prepare for new 
measurement 
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FIG. 11 shows a related diagram with an example of a procedure for 
measuring setpoint frequency f_s and actual frequency f. 

FIG. HA shows interrupts 161, 163, 165 of a timer TIMERO (in ,C 23) 
which are triggered in each case after a time T_A, e.g. T_A = 25 ms. 

FIG 11B shows setpoint frequency f_s which is delivered to M C 32, 
e g from frequency generator 20 (FIG. 1). At each of points 167, 169, and 
171 the two variables INT_MEAS_f_s (for the number of edges since the last 
measurement) and t_MEAS_f_s are forwarded to the setpoint calculation 
function along with the instant of the present measurement determined by 
means of timer TIMER1 - The numbers in parentheses designate the particular 
instant or time range to which the particular value applies. At instant 
169, for example, the value INT_MEAS_f_s (167-169) which contains the number 
of edges in the range from 167 to 169, and the value t_MEAS_f_s (16 9) whxch 
contains the instant of the measurement at 169, are forwarded to setpornt 
calculation function CALC_n_s S620 (FIG. 8) . 

FIG. 11C shows, by analogy with FIG. 11B, actual frequency f that is 
detected by rotor position sensor 61. INT_MEAS_f and t_MEAS_f are 
determined at points 175, 177, and 179. 

The frequency measurement procedure will now be explained with 
reference to FIG. 10, Table 1, and FIG. 11. The measurements of setpoint 
frequency f s and actual frequency proceed according to the same pattern. 
The measurement principle will therefore be explained first with reference 
to the measurement of actual frequency f- 
MEASURING ACTUAL FREQUENCY f 

At instant t = 0 selected arbitrarily in FIG. 11, the actual value 

measurement function is in state SI. 

At each edge 110 (FIG. 4B) of f, a Hall interrupt 630 (FIG. 8) is 

triggered, with the following results: 

Hall interrupt routine S631 (FIG. 13) is triggered by Hall interrupt 



3 0 6 3 0; 
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in Hall interrupt routine S631, counter INT_CNT_f for the number of 
edges is incremented by a value INC_f , e.g. INC_f = 1 (S322 in FIG. 13); 

the instantaneous value of ring counter TIMER1 is stored in Hall 
interrupt S631 (S322 in FIG. 13) . 

In the state diagram (FIG. 10), this is depicted as transition Tl 
from state SI to SI. The event here is a Hall interrupt 630 triggered by an 
edge 110, and the action consists in counting edge 110 in edge counter 
INT CNT f, and storing the instantaneous value of ring counter TIMER1 . 

A different event triggers transition T2 from state SI to state S2 . 
The event is an occurrence of a TIMERO interrupt triggered by timer TIMER0 . 
TIMER0 triggers a TIMERO interrupt 683 at defined intervals T_A (FIG. 11A) , 
e.g. at points 161, 163, 165. In the associated interrupt routine TIMERO 
Interrupt S639 (FIGS. 8 and 12), actual value calculation, setpoint 
calculation, and the controller are enabled. TIMERO defines successive 

15 windows having a width T_A. 

The actual measurement of INT_MEAS_f and t_MEAS_f will then take 
place. As is apparent from points 175, 177, and 179, the measurement in 
question takes place not precisely at instants 161, 163, and 165 when 
requested, but at a suitable instant that is usually slightly later in time 
2 0. than the instant of the request. 

Edges 110 of signal f are also sensed in state S2 , and at each edge 
no a transition T3 from S2 to S2 (analogous to Tl) takes place, in which 
the instantaneous value of ring counter TIMER1 is read out and stored, and 
edge counter INT_CNT_f is incremented. 
2| One further condition must be met in order for values INT_MEAS_f and 

t MEAS_f finally to be measured. The poles of a permanent -magnet rotor 
having, for example, four poles usually do not have an extension (pole 
width) of exactly 90° mech. , but deviate slightly therefrom. The sum of all 
the pole angles always, however, equals 360° mech. It is therefore 
advantageous, for example in the context of a measurement with Hall 
sensors, to measure only 
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every complete revolution, i.e. every fourth edge in the case of a four- 
pole rotor, since this ensures that measurement always takes place exactly 
at the same point on rotor 32. For a more detailed explanation, please see 

the description of FIG. 24. 

The number of edges 110 of signal f is counted in variable INT_CNT_f , 
and the condition that, in the case of a four-pole rotor, a multiple of 
complete revolutions is always measured can be met, based on the 
description of FIG . 24 and equation (5) , if 

INT CNT_f mod 4 = 0 ( 5 ' ) 

or alternatively if 

INT_CNT_f mod 8 = 0; 
in the latter case, measurement always occurs, at the earliest, after two 
complete revolutions or a multiple thereof. If INT_CNT_f mod 12 = 0, 
measurement would occur at the earliest after three complete revolutions, 
etc The dynamics of a controller would thereby be impaired, however. 

For a six-pole rotor, it would correspondingly be possible to work 
with, for example, INT_CNT_f mod 6 = 0 , or with INT_CNT_f mod 12 = 0 . 

Therefore, if the number of edges is a multiple of MOD_f (in this 
case MOD_f =4), in FIG. 10 a transition T4 from S2 to S3 takes place; the 
number of edges sensed since the last measurement, which is stored in 
INT CNT f is stored in INT_MEAS_f (S330 in FIG. 13); and the instant of 
the'present measurement is stored in t_MEAS_f . The values INT_MEAS_f and 
t_MEAS_f are then transferred to actual rotation speed calculation functron 
CALC_n S616, which is depicted in FIG. 15. 

in FIG 11, for example, if after TIMER0 interrupt 163 at actual 
frequency f a multiple of MOD_f = 4 edges - i.e. in this case, for example, 
eight edges (8 mod 4 = 0) - has been sensed at instant 177, then the number 
of edges since the last measurement is stored in INT_MEAS_f (175-177) for 
instant 177, and instant 177 of the present measurement is stored in 
t MEAS f (177) . 
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From the present value t MEAS_f (177) and the stored value 
trom une y OT1 *- ■! ic; possible to determine the time 

t MEAS f (175) of the last measurement, it is possioie 

— — j odaes counted in variable 

At_MEAS_f (175-177) required for the edges 

INT MEAS f (175-177). 

_ ^"alternative possibility for determining the time At_MEAS_f to 
r eset the time to zero at the beginning of each measurement. This can be 
done, for example, by setting timer TIMER1 to zero. At the end of the 
measurement, the time then corresponds to the value At_MEAS f As a result, 
INT MEAS f and At MEAS f are available directly at points 175, 177, and 
"disadvantage offsetting TIMER1 is the difficulty of then using it 
simultaneously for other measurements, so that J™'^ * 

required; this is not excluded, however, in the context of the present 

invention. , ^*-~a an 

From state S3, in which the last measurement is completed, an 
instantaneous transition T5 leads to state S4, in which a new measurement 

be9illS F ro m state S4 an instantaneous transition TS leads to state si and 
the frequency measurement procedure is once again in the initial state SI 
During T6 , the next measurement is prepared; for example, counter — 
(for the number of edges 110) is reset back to zero. 

MEASURING SETPOINT FREQUENCY f_S ^ 

The TIMERO interrupts 638 at points 161, 163, ana lbs h 
actual frequency measurement and a setpoint frequency measurement. The 
measurement of setpoint frequency f_s proceeds in conf ^^fj^ 
m easurement of the actual frequency, which is evident from the flow charts 

that follow. . .... „_ 

The designations of the variables for setpoint acquisition are 

identical to those for actual value acquisition, except that an "_s suffix 
is added; for example, INT_MEAS_f_s rather than INT_MEAS f 

It may once again be advisable to measure a multiple of a fixed 
number of edges when defining a setpoint frequency f s. For example, 
deviations may occur within one period of setpoint frequency f _s . 
measurement of , for 
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le at least two edges in each case may therefore be advantageous, 
example, at least t g ^ INT _ CNT _ f _ s 

Edge counter INT_CNT_f_s m Bevera l advantages. 

each interrupt or after a fixed n rotatio n speed increases, 

, ^pvpfrom This means that as tne xuuctu 
rotation speed proce ssed arrive with increasing 

new measured values that must P lt in an overload 

frequency. At very high rotation speeds, thrs wou " 
of 23 so that individual measured values would not be 
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tt-h the present measurement method, a new measurement is initiated 
Wxth the present m ^ ^ ^ ^ ^ same at 

each time at defined intervals 

all rotation speeds and frequencies. fchat when signa l s f and 

Xh e present method moreover has th next 
f s are measured, measurement occurs at least up to 

Measurement therefore does not occur at some instant ^ ° ^ 

example, in between two edges; instead, measurement always 

r inrrpdsinq measurement accuracy, 
edge to edge, greatly increasing accuracy is obtained by always 

A further increase in measurement accuracy is 

A rurcnei fhpre b v eliminating, tor 

= mnli-inle of MOD f or MOD_f_s edges, thereby 
measuring a multiple 01 _ . . _ Hon defects in a 

"t "suiting ««- 3™™^ £requency 

percent rotor or fro. .»-.try «ro " th , t 
d e fl „itio». This ~.n.. for e,an, P le .» th. ». ° a P ^ ^ 

. ti- T_», .u« « « °* 8imult ,n«o„,ly. IE • — « »ere 

controller function RGL practicany 
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after each edge, the signal would be measured more often as the frequency 
increased; this would be less favorable in terms of downline processing. 

The use of the same timer (TIMER1) for measuring f and f_s is 
extraordinarily advantageous, since an inaccuracy in the timer does not 
result in any inaccuracy in the time ratio between the measurements of f 
and f_s. Frequencies f and f_s are thus measured with the same time track. 
A measurement procedure of this kind very advantageously makes possible 
frequency-controlled rotation speed control with a gearbox function. A 
measurement of this kind using the same timer is described below with 

reference to an example. 

TIMER1 is preferably configured as a ring counter that runs 

continuously . 

FLOW CHARTS FOR MEASUREMENT OF f AND f_S 

FIGS. 12 through 14 show flow charts pertaining to a program for the 
measurement procedure described in FIGS. 10 and 11. 

FIG. 12 shows routine TIMERO Interrupt S639 (FIG. 8) which, after 
each time T_A (FIG. 11), requests actual value measurement "MEAS f 147 
(FIG 7), setpoint measurement "MEAS f_s« 141 (FIG. 7), and digital 
rotation speed controller n-CTRL 35 (FIGS. 1 and 7) constituted by RGL_ON 
S624 and RGL S628 (both FIG. 8) . 

The following variables are used: 
.3 cNT T A Internal counter for time T_A 

T A TIME Limit value for new measurement 
D0_MEAS_f Flag to call actual value measurement 
25 D0_MEAS_f_s Flag to call setpoint measurement 

FCT_RGL_0N Function register bit of function RGL_0N S624 (cf . FIG. 

9) " Routine TIMERO Interrupt S639 depicted in FIG. 12 is executed each 
time a TIMERO interrupt 638 (FIG. 8) occurs. 

in S352 any additional steps not discussed here can be run through, 
if TIMERO is additionally intended to control other program sections. 
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A subtimer Subtimer_T_A begins in S354. "Subtimer" means that the 
actual action in S360 is triggered by steps S356, S358, and S362 (explained 
below) only after a specific number of TIMERO interrupts. The advantage of 
this is that timer TIMERO can also be used for other duties that need to be 

5 called more frequently. 

In S356, internal counter CNT_T_A is incremented by 1. 

S358 checks whether counter CNT_T_A is greater than or equal to the 

value T_A_TIME (defined above) . 

If No, execution branches immediately to the end S364, and leaves the 
10 TIMERO Interrupt routine with the instruction "RET I . " 

If, however, it is found in S358 that counter CNT_T_A has reached the 
value T_A_TIME , then in S360 DO_MEAS_f_s, DO_MEAS_f , and FCT_RGL_0N are set 

to 1 . 

D0_MEAS_f_s = 1 informs interrupt routine f_s Interrupt S635 (FIG. 
15 14) that a measurement of setpoint frequency f_s is to be started. 

DO_MEAS_f = 1 informs interrupt routine Hall Interrupt S631 (FIG. 13) that 
a measurement of actual frequency f is to be started. FCT_RGL = 1 starts 
~ start function RGL_0N S624 (FIG. 17), which determines when controller 
--- function RGL S628 (FIG. 18) is started. 

2 0 An example: if TIMERO Interrupt is triggered every 10 microseconds, 

% and the value T_A_TIME = 2500, the call in S360 takes place every 25 ma. 

Time T_A must be adapted to the particular motor. For example, if 
rotor position sensor 61 produces many events for each revolution of rotor 
32, and if rotor 32 is rotating quickly, T_A can be made shorter. If rotor 
25 3 2 is 
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_ r-fjT t a i =; reset bacK to ^ci.^ 
In S362, counter CNT_T_A is 

subtimer Subtimer_T_A . and 165. 

t vtp 11 S360 is called at points 161, 163, an 

i i' s an exemplary embodiment of interrupt routine Hall 
FIG . 13 shows an exemp y triggered by fche 

Xnterrupt S631, which i b f . This inte rrupt is so 

occurrence of an edge 110 (FIG > ^ ^ ^ & ^ 

designated because it is usually 99 ^ alsQ be 

„ T _ oq shows an example of tnis. w 
generator 61. FIG 29 shows mechanic al sensor, and it could 

t-riaaered by the signal of an optical 

trigge Y . _ aQ _ , sensor - controlled" interrupt. 

also be referred to as a «nso t s631 provides commutation of 

in this example, routine Hall n P ^ ^ 

an electronically commutated motor 32 -ep ^ 
measurement of actual frequency £ m steps 

The following — a ;; t ; r Se f d o : counting che edges of signal f 
INT_CNT_f Interrupt counter 
INC f increment value 

MO d f Number of interrupts 

t MEAS f Measured time of last me asurement 
XNT MEAS f Number of interrupts measured since last 

n arH iAl value measurement 
D0_MEAS_f Flag to call ^al - s6i6 (pMS . 8 

FCT_CALC_n Function register bit 

and 9) . _„,,t-eH 

in S302, any desired steps can be execute schema tically 

i^rnnicallv commutated motor (such as tne o 
In an electronically c provides electronic 

, • ,rr 99) routine Hall Interrupt S631 provides 
depicted in FIG. 29), roue collector motor such as 

commutation in COMMUT S304 . This is omitted in 

the one depicted in FIG . HIGH . If Yes, 

In S306, HALL=1? checks whether signal f (FIG. 



(5a) ) 



then 
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in S308, terminal B5 of „C 23 (FIG. 3) is set so that it triggers an 
in terrupt at the next edge fro. HIGH to LOW. (Another alternative 
possibility is a so-oalled "interrupt on change," x.e an nt rrup takes 
piace at every edge of signal HALL at port B5, regardless of 
Lastly, in S3I0 commutation of motor M 32 takes place by the fact that 

• set to 1 and 0UT2 to 0. If it was found in S30S that HALL --led 0 

th en in S312 terminal BS is set to an opposite edge and 

set to 0 and 0UT2 to 1. Commutation using the two signals 0UT1 and OUT2 
already been described exhaustively with reference to FIG. 29. 

Sensing and measurement of signal f begin in MEAS_f S320. In S322, 
interrupt counter INT_CNT_f , which is, for example 1 byte long, is 
incremented by the value INC_f, e.g. INC_f = 1, and the value ^MERl 
TIMER1 is stored in t_END_f . Both the number of interrupts and the 

instantaneous time are thus sensed. 

j f 0 i =: used to check whether the value 

In S324 INT_CNT_f mod MOD_f = 0 is useu 

in interrupt «unt.r INT_CNT_f is a multiple of M0D_f . For MOD_f = 4 for 

example, INT CNT f = 20 is a multiple of MOP_f , i- 20 mod 4 = , 0 If 

INT CNT f is not a multiple of MOD_f , execution then branch s the end 

- - . -r^r tmt PMT f 1 Q a multiple of MOD f, S526 

S334 of the interrupt routine. If — — 15 a mUlt P of "actual 

™ mosc f lie whether a measurement of actual 
then checks whether DO_MEAS_f - 1 , i.e. wnet TTMFR0 
frequency f was requested in step S360 of interrupt routine TIMER0 
TrZTZ S639 (FIG. 12) . If No, then no measurement is to take place, and 

x cution branches to the end S334. If Ves, then in S32S function regis 
bit FCT CALC n is used to check whether the last rotation speed 

~ ~ If FCT CALC n = 1, execution branches to the end S334 . 

is already complete. If FCl_t.Ai.u_n 

This prevents measurements from being lost if rotation speed calculation 
mis picvc Th-ic; cnecial case does not, 

routine "CALC_n" S616 requires too much time. This special 

however, occur in normal operation. 

In S330. variables t MEAS_f and INT_MEAS_f , which are transferred to 
rotation speed calculation'routine CALC_n S616 (FIG 15) . 

This is done by setting t_MEAS_f to the last timer value t_END_f 
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counter TIMER1 that was sensed, setting I NT_ME AS _ f to the value of 
interrupt counter INT_CNT_f , and resetting INT_CNT_f to zero. 

in S332, rotation speed calculation routine CALC_n S616 (FIG. 15) is 
requested by setting FCT_CALC_n to 1; and the measurement request is reset 
by resetting DO_MEAS_f to zero, since the measurement is complete. 

Routines TIMERO Interrupt S639 (FIG. 12) and HALL Interrupt S631 
(FIG. 13) thus together constitute a measurement of actual frequency f in 
accordance with the state diagram of FIG. 10. 

If 23 does not have the capability for the mod operation, there 

are other possibilities. 

in many M Cs, an integral division using "div" yields as the result 
both the integral quotient and the non-negative remainder. For example, the 
result of 7 div 4 is a quotient 1 and remainder 3. In these ^Cs, the div 
operation can be used to calculate the remainder. 

A further possibility for calculating X mod MOD_f is, for example, to 
use a further variable MOD_CNT which is also incremented at each 

^i-,v,i^ v anrl which is reset to zero each time MOD f is 
incrementing of variable X, ana wnicn ±& 

reached The MOD_CNT variable then contains the result of X mod M0D_f . 

FIG 14 shows an example of interrupt routine f_s Interrupt S635. 
This is configured, except for the absence of the commutation portion 
(steps S304 through S314), like interrupt routine HALL Interrupt S631 (FIG 
■ 13) and therefore will not be described again. The reference characters of 

the steps are increased by 100, so that, for example, step S332 of FIG. 13 
corresponds to step S432 of FIG. 14. 
2 g The following variables are used: 
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INT_CNT_f_s interrupt counter for counting the edges of the setpoint 

frequency 

INC f s Increment value 

t_END~f _s instant of last interrupt sensed 

M0D_f_s Number of interrupts for mod calculation 

t_MEAS_f_s Measured time of last interrupt 

— -p ■;,-,(-.= T-T-nr->t-=; since last measurement 
INT MEAS f s Number or interrupts t>-Lii'_<= 

DO MEAS_f_s Flag to call setpoint measurement 

FCT CALC_n_s Function register bit for function CALC_n_s S620. 

FIG _ 15 shows routine CALC_n S616, which is requested by routrne Hall 
interrupt (S332 in FIG . 13) after the measurement of timer value t_MEAS_f 

nn (win 4) of siqnal f in INT MEAS f. 
and of the number of edges 110 (FIG. 4) or signax 

The following variables are used: 

At_CALC_f Time difference from last measurement 
t OLD_f Instant of last measurement 

t~MEAS_f Instant of present measurement 

INT_CALC_f Number of interrupts since last measurement, for 
calculation 

INT_MEAS_f Number of interrupts transferred since last measurement 
n Rotation speed of motor M 

REM_n Remainder of integral division 
h Exponent for parameterization of INT_CALC_f 

REM_n_0LD Remainder of integral division at last calculation. 
In S370, the difference between timer value t_OLD_f for the last 
m easurement and present timer value t_MEAS_f is calculated, and is stored 
in variable At_CALC_f , which corresponds to value [A] t_MEAS_f of FIG. 11. 
in the context of a ring counter, the difference is usually obtained using 
the two's complement. Present timer value t_MEAS_f is then stored in 
t_OLD_f for the next measurement, and the measured number of interrupts 
INT_MEAS_f is stored in INT_CALC_f . 

in S372 a calculation is made of rotation speed n, which is 
proportional to the quotient of the number of interrupts INT_CALC_f (an 
indication of the number of revolutions) and the time At_CALC_f requxred 
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n = const * INT_CALC_f / At_CALC_f <6> 
where const is a proportionality constant. 

nigral division div, which yields as the result an integral 
^tient » J Positive remainder REM_n , is used to calculate rotation 
^ n See FIG 13 for a description of the div operator. 

speed „ ^L™-. ™ — . i " a th ; i ;;iTa "I 

e^ai„.nt 1.. «~ -.pie. , ^e, ions is ^"a te.a 

,* h e q h = 24. Any other factor can, of course, also o 
/V* Multiplication by 2-h can, -ever, in - 
replac.a by ai.pl.c-nt of the value h places to ^J'^ 

. . ^ rpqillts in qood resolution, for example 
parameterization resuitb j-h 

coot J Z tne rotation apeeas result^ rro» aivisio^ The exponent „ 

„t, tor this purpose, Pe „atc h .a to ^/»»^™^„ e „ potntfi „ s 
Calculation of the rotatron speed for the region 

^ 177 of FIG 11 is shown below as an example: 
and 177 ot Mb. bytes, and 

INT_MEAS_f has a length of one byte, INT_CALC_t rou 

At_CALC_f two bytes. 11Q Qf 

INT MEAS f (175-177) here has a value of 8, i.e. eig g 

~~ i_ mfo j cince the last measurement at rnstanc 

signal f (FIG. HC) have been counted since the £(175 . 177 , = 8 

t MEAS f(175). in S370 INT_CALC_f has the value — — ■ „•,.*, 

t_MBAS_tu/»J i q TNT CALC f is parameterized with 

assigned to it. In S372, using h = 19, INT_CALL_ 

2-19 = 524,288, and acquires a value of 4,194,304. 

At MEAS f (175-177) has a value of 26,700, corresponding (if the 

resolution offing counter TIMER1 is 1 microsecond, to 

r6SO ^ _ At CALC f has assigned to it a value of 26,700, 

mi lliseconds. ^^ft^^^n the old and present measurements, 
rpqultinq from the ditierente ^ ^ , 1 an H 

resulting { yields a rotation speed n = 157 and 

Dividing INT_CALC_f by At_CALC_t yieia^ 

remainder REM_n 2404. 
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The physical rotation speed n_ P hys corresponds to the number of 
revolutions per minute. 8 Hall changes divided by 4 Hall changes per 
revolution (four-pole rotor, yields 2 revolutions, and time required 
therefor is 0.0267 s. This yields a physical rotation speed n_phys = / 
0 0267 = 74.906 revolutions per second = 4494.4 rpm. 

The remainder REM n OLD of the previous rotation speed calculation is 
also taken into account'i'n the calculation, by adding it to the product of 

INT CALC f and const_f . t 

" in'the above example, for instance, the calculated rotation speed » 
deviates slightly from the actual rotation speed, since division yields the 
whole number 157 rather than the actual result of approximately 157 . 09 . 
difference is not lost, however, but is taken into account m the 
subsequent division in S372 by adding remainder REM_n_OLD of the previous 

division to the numerator. 

The advantageous result of taking into account remainder REM_n_OLD i s 
that no information is lost; and it results in a measurable improvement in 

the controller if it is used. 

After the calculation of n and REM_n , in S372 remainder REM_n is 

stored in REM n OLD for the next calculation. 

in S374, function register bit FCT_CALC_n (FIG. 9; FIG. 13, S332) is 
reset back to zero, since the rotation speed calculation is complete. 

Execution then branches back to the beginning S602 of the function 

manager (FIG. 8) - . ' nt 

FIG. 16 shows a flow chart for calculating rotation speed setpomt 

n_s . 

The following variables are used: 
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t_CALC_f_s Time difference from last measurement 

t_OLD_f_s Instant of last measurement 

t MEAS f s instant of present measurement 

~~ ~~ ~~ ^ • .^orrunt cince last measurement, tor 

INT CALC f s Number of interrupts since 



INT_CALC_f_s 
calculation 



INT MEAS f_s Number of interrupts transferred since last 



measurement 
n s 



Rotation speed setpoint (desired rotation speed of motor M) 
REM_n_s Remainder of integral division 

h s Exponent for parameterization of INT_CALC_f_s 
REM n s OLD Remainder of integral division at last 

The'calculation of rotation speed setpoint n_s is identical to the 
calculation of rotation speed n as shown in FIG IS The reference 

„^ t-^ fhnqp of FIG. 15 with 100 added to 
^.■ha-rar-t-ers of FIG. 16 correspond to those or r j.o . 

characters 01 rxu normally selected 

them Value h s for the parameterization of INT_CALC_f rs normal y 

o L Identic^ to value h of FIG. IS, since the rotation ™* 
and actual rotation speed should he comparable. Selecting h s to be not 
equal to h would make relative parameterization possible, but this 

normally not chosen. ^ ^ described 

To avoid excessive length, the steps 01 
• The reader is referred to FIG. 15 and its accompanying description, 
again. The reader reter freauen cy f s and actual frequency 

Since the measurements of setpoint frequency l_ 
f proceed in the same manner and in quasi -parallel fashion, a value for 
ofa ion speed setpoint n_s and a value for rotation speed » are presen 
after each measurement triggered by the TIMERO « a , 
are comparable because the times were measured, practically 

, jj;^^ ,-v,pv ar e very accurate because or 
using the same timer TIMER1. In addition, they are ve y 

the measurement methods used. 
OVERALL CONTROLLER 

STARTING THE CONTROLLER WITH FUNCTION RGL_ON functio n 
FIG . 17 shows a flow chart for an exemplary embodiment of tot « 
RGL_0N S624 of FIG . 8, which determines when controller function RGL S628 
(FIG. 18) is started. 
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Since the sensing and — t of actual fluency ' 

! nH thus also the calculation of rotation speed n and 

frequency f_» and thus also of one another and do 

rotation speed setpoint ns ^ must be made in function 

not end at the same instant, a determma starte d. In this 

RGL_ON S 624 as to when = - i _ ^ 

exemplary embodiment, controller function rotatio n speed 

actual rotation speed calculation routine CALC_n S616 
setpoint calculation routine CALC_n_s S620 are complete. 

The following variables -e used: funcfcion CALC _ n _ s S620 

ppt CALC n s Function register Die 



FCT_CALC_n_s 
(cf. FIG. 9) 



IG - 9> for function CALC n S616 (cf . FIG. 

FCT_CALC_n Function register bit for function 

3) . ^^-r bit for function RGL S628 (cf . FIG. 9) 

FCT RGL Function register bit tor 

- . ■ hit for function RGL_ujn \ 

FCT_RGL_ON Function register bit 

" ■ „ «« t ion register bit FC T _C^C.„.s is use, t. -«* 

rotation speed setpoint .» . S«. » - - igM 

8,. H Yes, then rn '9 com plete. If No, 

rotation speed c.lcul.tron rout «LC_„ S 1 functio „ „ anage r. If 

execution brunches bacfc to the begrnnrng S602 of 

- - r t:r rctrr:::: 1 :; c:r» .e^ function 

-■~r, ppt ON S624 has been executed, 
zero, since funetron RGn.ON S62 therefore not , tatt .d until rotation 

apeed "n rT^.^ » - - 

— ™ rfr:hi:™^"t 0( .unetio„ 

^n 8 ;™.^ 1 ^-. - " from rotacl °" 

speed n and rotation speed setpoint n_s. and outputs . 
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The following variables are used: 

RGL DIFF System deviation 

x Gearbox factor 

RGL PROP Proportional component 

RGL p Proportional factor 

RGL INT Integral component 

RGL i Integral factor 

RGL^VAL Control output calculated by controller 

RGL MAX Maximum control output . 

in S530, system deviation RGL_JDIFF is calculated as 

{ 7 ) 

RGL DIFF: = n_s * X - n 

Multiplying rotation speed setpoint n_s by X implements a gearbox 
function. If X = 2, for example, rotation speed setpoint » s will 
correspond to half the desired rotation speed n of motor 32, in other 
"motor M will run exactly twice as fast as rotation speed setpoint 

n _ s; and if X = 1/2, for example, ^ ^^^^e at half 
correspond to twice the rotation speed n, i.e. motor n 

ZTL, of the rotation speed defined by n,e. This i. explatned helow 
using a quantitative example. 

This step establishes a specific ratio 

be „ee"n Lt,tio„\peed „ end rolion speed setpoint n_s . This also a 
fixed ratio, for example 

betweenictuai fluency and setpoint frequency f_s, as explained in FIG. 
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ocnn r-Vi^ cvqfpm deviation could also be 
As is directly evident from S530, the system 

calculated differently, e.g. using the equation 

RGL_DIFF: - n_s - Y * n (7a) 

as indicated at 145' in FIG. 7, 
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or using the equation 

RGL DIFF: = A * n_s - B * n (7b) 
or using I suable mathematical function, for example ln(n_s), 

function, e.g. 

rj /-it nTFF- - (n s * sin t) - n (7c) 

RGL_DIFF . - m_ filiate periodically between the 

in -Mob case tb. ;rlT h „e 'option ,^ -<*.>■ »■ 

po , iti e „tat o, , speed , »d * ^ ^ rotation ditectlona ft 

requires, ot course, <x 

mo tor 32" of this Kind is depicted as an ex 1 - ^ _ 

electronically commutated motors run in both rotatxo 

suitable for such applications. factor by for example, 

It is a iso possible to introduce a gearbox f . and 

"event" to obtain setpoxnt frequency j._ 
counting only every second event f since numer ical values 

i • anainnnuslv to actual trequenoy 
the same applxes analogously mathe matical 

=£2 ".1" u — — 

»iU be pr.s«»«d and .«p!.in.d belov, med , £ „ example , as , 

The multiplication of n_s by X be " variable X is 

i ■ -i Tn fixed-point multiplication, 

fixed-point multxplxcatxon. In fx P location , so that the bits to 

assumed to have a decxmal point at a fixed n b 1/2 , 1/4 , 

i ^-int- rnrresDond to multiplication uy / 

iz::t^z~: is ^ pu~. — ^ 

decimal point are not lost. 

QUANTITATIVE EXAMPLE rotatio n speed setpoint of 3000 rpm xs 

A frequency f_s -e^ o «» atxo p ^ ^ _ ^ 

delivered from setpoint generator 20 (FIG. 1) 

a gearbox factor X that equals 0.5, x . e = < »t 15 rp ^ ^ ^ ^ ^ _ 

in part 143 in FIG. 7 (corresponding to the ^ fre quenoy f _s . The 

a rotate speed setpoxnt n_s of 3000. rpm .leu * ^ ^ ^ 

— — ° ^"^n ""r c a y This number is multiplxed by the gearbox 
computer because of xts h.gher ace y obtained as setpoint 

factor X = 0.5, and the hexadecimal value 249F0 ^ ^ ^ 

Motor 32 is rotating at the moment at 1499.99 P 

id qfh"] is used in the computer because or its a 
the hexadecrmal number 249EF) is used ^ n 

accuracy. This corresponds in FIG. deviation calculator 

System deviation RGL_DIFF is then calculated in syst 

151 in S530 (FIG. 18) , i.e. 

„ * y n - 249F0 - 249EF = 1 (decimal) oinre 
n " J. r ed in the decimal system to improve comprehension) . Since 

(t he value 1 is indicated in the dec y prevlously been multiplied by 

the values for X * n_s and n had, in V of £he system 

X00, this value must be divided by 100 again; i.e. 

deviation is 1/100 = 0.01 rpm- sed in S532 (FIG . 18, xn the PI 

This numerical value is furth p slightly tG o low, variable RGL.VAL is 

— - — " — ly 1500 tp "' 
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SteP s SS34 through SB40 hold variable RGL_VAL within the permissible limits 0 and 

"^"hus, although a setpoint of 3000 rpm was defined as frequency t _. . the 

motor is controlled to 1; 00 ^^J^^J^ ^ ^ and the 
different gearbox factor, e.g. u.jjo, 
mo tor would then be regulated to 1000 rpm. 

It is also apparent from this example that one could D ust a .easily 
the value tor n_s unchanged, and instead — iply ^.lue or n y ^ 
example) . The value for the system deviation would then be twice g 
control process would proceed in the same way. 

The ratio n / n s can also, additionally or alternatively, be 
influenced in the context of fluency measurement and sPe ed 

calculation by, for example, selecting different variables h (S372 

15, and h_s (S472 in FIG . "> • me asure m ent of actual 

Takinq into account the value or iiuu^l 
frequency £ (S324 in FIG - 13, and the value of >40D_f_s in the -a— 
oHetpoLt frequency f s (S424 in FIG . 14. can also bring ahont a chanqe 
t che ratio between frequencies f ana t_. and thus also between rotation 

'^M;?^ at which fh. desired ratio between rotation speeds n and 
n _ B and between frequencies f and f_= is established is not srqnrfreant for 

the 
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present xnvention. The ratio must, however, be established at a suitable 
point . 

S352 of FIG . 18 depicts a digital PI controller. 

prr prop is calculated by multiplying system 
Proportional component RGL_PROP is caicuia 

deviation RGL DIFF by proportional factor RGL_P - 

The new-integral component is oalculated by adding the prevxous 
integral component to system deviation RECIFE multiplxed by -tegral 
factor RGL I integral component RGL_INT preferably has suffxcxent memory 
available to it that no system deviation information xs lost. 

Control output RGL_VAL is determined from the sum of proportional 
component RGL_PROP and integral component RGL_INT . 

A range'checx of control output RGL_VAL is performed xn steps SS34 

"/control output RGL_VAL is less than zero in S53 4 , it xs then set 

t0 ^/control output RGL_VAL is greater than the maximum 
value RGL MAX in S538, it is set to RGL_MAX in S540 . The purpose of thxs 
to limit control output RGL_VAL to maximum value RGL_MAX durxng 
acceleration of a motor, when large system deviations can exxst_ 

If the value of RGL_VAL lies within a permxssxble range, xt xs used 

^Tn'sS^ register PWM SW of the PWM generator inside the ,C is set to 
control X; RG 9 L_VAL, and^PWM sxgnal PWM_SW xs outputted as descrxbed xn 



FIG. 5. 



25 



44 



controller function S628 is thus complete, and function register bit 
" IrrtiL 8 ^.- .ac k to the beginning SS02 of the function 

use for example, a PID controller or a different controller, 

Lller. in which all the bits of system deviation RGI..DIFF are ta.en 
into account (as guaranteed here by integral component ROL INT, are 
advantageous. Controller factors RGL_P and RGL_I can be se separately 
L0 order to adapt the controller optimally to its particular task 

FIG 19 shows a state diagram which summarizes in simple and 
comprehensible fashion the complex functional se.uences of the previous 

Fiqures already described. Table 2 below provides the necessary 

Figures anw y , n self-explanatory (WDT 

explanations for this state diagram, and is largely P 

15 means "watchdog timer"). 
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Transit io 
n 

T2 0 
"T2T 



T22 



T2 3 



T24 



T25 



T26 



T27 



Result 



Hardware reset 



Watchdog timer reset 



Immediate state change 
with no event 
Immediate state cnange 
with no event 



Calculation of actual 
value started 



Calculation ot secpoint 
started 



and actual value stopped 
Controller enabled. 



Controller 



started 



Action 



From 



to 



Branch to program address 



- > 



M 



OOh 



Branch to program address I -> M 



OOh 



No action 



M - > N 



Initialization. (Optional; | N - > O 
retrieval of parameters 
from EE PROM 8 0 



Perform calculation of 
actual value. Reset 
counter INT_CALC_f . Stop 
and inhibit calculation of 
actual value. 



O -> O 



Perform calculation of 
setpoint. Reset counter 
INT_CALC_f _s . Stop and 
inhibit calculation of 
setpoint . 



0 -> O 



S530 (X * n_s)~ 
Controller RGL (FIG . 18) 
S542 (setpoint output) . 
S544 (stop and inhibit 
controller) . 



O -> 



O 



- „ ant- -inn and performs variou; 
in the O (idle) state, the program is ready for action and p 
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• a At- T24 for example, calculation of the actual 
actions as required. At T24 , for ex p 

frequency value is performed, counter INT_CALC_f - 

value calculation is then inhibited until a new measu ^JZr tZ 

performed. At transition T2 5 , the same actions are performed 

SetP ° int " . i i.t-ions of the setpoint and actual value are stopped, 

At- T?fi the calculations or 

'Ll <FIG 181 is started. The controller is then started at 
£ » « S rho* ratio X is tahen into account. The emulations 

the Pr/ontrdler are perked, the control >™ * ^ "entrl 

S5 42, and in S544 the controller is stopped and temporally 

ri„ a ff Pr the next measurement. 

new v ";:;.r: r„ tin r- — — ^ — :r * 

preset t. k ee place at that t „e . « - ~ ^ 

detects any irregular behavior of i±C 23, actions 121, 

detects any a normal operating state 0. 

FIG 20 shows a state diagram for a controller 
speed setpoint „ s - 0 can also he ^ ^ 

rGL ^"i. present hoth «„ rotation speed setporut n^s end 

nS": d i££ lcu lti e. with that need also to he controlled 

a n .ince no interrupts are triggered if 

;:;:,i: £ :rrrjrr^~-~. no ... » £ s^ « 

and f_s are present . 21 allowS control to a rotatxon speed of 

The controller shown m FIG. 21 allows 
zero, and therefore represents a preferred development. 
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The state diagram contains six states S10 to SIS, and nine 

transxtions T10 to T18 . described along with 

In Table 3 below, transitions T10 to lib 

■ ^ Thic table like Tables 1 and 2, is 
their events and actions. This taoie, 

comprehensible in and of itself. 



Transition 



T10 



Til 



T12 



T13 



Event 

c5Ht^ ller has bee lT^rted by TIMERO 

interrupt _ 

Rotation sp eed setpoint u_i~Ii~present 



[ Action 


RGL_ON 


is 


started; 


branch 


to 


Sll 


Branch 


to 


S12 



Time-out time tor measurement of n_s 
has been exceeded 
Rotation speed n is present 



n s :=0; branch to S12 



T14 



T15 



T16 



T17 



T18 



ime-out time for measu rement or n ha* 
been exceeded, and n_s = 0 



Instantaneous 



Start controller; 
calculate control 
output; branch to S13 
n :=0; start controller; 
calculate control 
output; branch to S13 
Output control output 
branch to S14 



Instantaneous 



Time-out time for meas 
been exceeded, and n_s <> 0 
Instantaneous 



urement of n has 



Terminate controller; 
branch to S10 
Output maximum control 
output; branch to S15 
Terminate RGL_OW ; branch 
to S10 



in state S10, execution waits for the controller to start. 

i - ^n^r is started, for example by means of routine 

When the controller is started, v 

f T, T r 17 execution branches to state Sll and tnen 
TIMERO interrupt S639 of FIG. 12, execucio 

waits for rotation speed setpoint n_s . transit ion Til 

If a value for rotation speed setpomt n_s is present, 

to state S12 takes place. and no value 

If, however, a time-out time has been excee ded in S ^ ™ 
for rotation speed setpoint n_s is present -transition T 2 ^.t 
which transition T12 rotation speed setpoint n_s is set to 

place ' . vot-at-ion speed n of motor M. If a 

in state S12, execution waits for rotation spe ^, 1pr 

.. r^nsition T13 to S13 takes place, controller 
value for n is present, transition m 

function RGL S628 is started, and a new control output RGL_VAL 

state S13, an instantaneous transition TIB to 814 takes place, 
and the calculated control output RGL_VAL is 

From state S14 , an instantaneous transition T16 to 
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and execut.cn waits fcr the new start ^ ^ 

If a time-out time is exceeded in state bn, 

speed n = 0. f rotat i on speed 

A distinction is made between two cases when n = 0. If rotati p 

, nt n s is also equal to zero, transition T14 to S13 takes place and 
5 setpomt n_s is aiso t^ucix 

controller RGL S628 calculates a new control output RGL_VAL . 

controlie rotation speed setpomt n_s is 

If, however, rotation speed n started, 
not equal to zero, then either motor N is 3 ammed or it needs t 
A transition X17 to SIS takes place, and a maximum control output is 

10 ° UtPU Tr d om state BIS. an instantaneous transition XiS to state BIO takes 

nlace and execution waits for the next start. 

place, ana e routine RGL ON2 S624' adapted to 

FIG 21 shows a flow chart for a routine __ 

„0. 20 i... «« th. =« in -hich „_s . 0 al „ ne.ds to b. 

" """'cL** wheth., region »pe.a .etpoi« election rooti- 
; c»,c_„ " S«o », h.. — executed i.e. . roft.cn 

; setpoint n_s is present. 
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If Yes, execution then branches to S506. 

If No, S502 then checks whether a time-out time t_TO_s has been 
exceeded since the last measurement. This is done by calculating the 
difference between instant t_END_f _s of the last measurement (cf. FIG. 14) 
and the present instant of timer TIMER1 , and comparing it to time-out time 



t TO S . 



If time-out time t_TO_s has not yet been exceeded, execution branches 
to the beginning S602 of the function manager (FIG. 8), and waits for 

rotation speed setpoint n_s . 

If time-out time t_TO_s has been exceeded, however, rotation speed 
setpoint n_s is then set to zero in S504 . Instant t_END_f _s of the last 
measurement is furthermore set to the instantaneous value t_TIMERl of 
TIMER1 , so that TIMER1 does not exceed the value t_END_f _s . Execution then 

branches to S506. < 

i , ccnn r hprks whether a value for rotation speed 
S506, analogously to S500, cnecKs wneLuci ~ 

n is present . 

If Yes then controller function RGL S628 (FIG. 18) is requested in 
S514 by setting function register bit FCT_RGL to 1, and routine RGL_ON2 is 
terminated by resetting FCT_RGL_ON to zero. 

If a value for rotation speed n is not present in S506, S508 then 
checks, by analogy with SB02, as to whether time-out time t_TO has been 
exceeded since the last measurement of rotation speed n at instant t_END_f . 

If No, execution then branches to S602 (FIG. 8), and continues to 
wait for a value for rotation speed n. 

If time-out time t_TO has been exceeded, S510 checks whether rotation 

speed setpoint n_s = 0 . 
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If Yes, execution then branches to S514, and controller function RGL 
S628 is called with values n = 0 and n_s =0. 

If No then either motor M is jammed, or it needs to be started at 
that time. Register PWM SW of the PWM generator of ,C 23 is therefore set 
in S512 to the maximum control output RGL_MAX . The value t_END_f is set, by 
analogy with SS04, to the instantaneous timer value t_TIMERl in order to 
prevent any overflow; and routine RGL_ON2 S624< is terminated by settrng 
FCT RGL ON to zero and branching to S602 . 

" This variant does not require any further modifications to be made to 

controller function RGL S628. 

Time-out times t_TO_s and t_TO must be selected in accordance wrth 
the requirements of the controller and the motor. For example, a relatively 
short time-out time can be used to ensure that the motor is shut off below 
a defined minimum rotation speed. Many motors, for example gasoline 
engines, are difficult to regulate at low speeds since they then tend to 
oscillate, and it may be desirable in such cases not to allow these 

rotation speed ranges. , 

A typical value for t_T0 is 100 ms , corresponding to a motor rotation 
speed of approx. 50 rpm. A value of 1000 ms would correspond to a rotation 
speed of approx. 5 rpm. In an electric motor, however, such a hrgh value 
can result in thermal overload of the output-stage transistors (transfers 

740, 744 in FIG. 29) . 
PARAMETERIZATION OF THE MOTOR 

All the variables explained so far can be defined by the 
m anufacturer; in other words, the manufacturer "parameterizes" the ^ 
The variables can be present in a nonvolatile memory, e.g. in a ROM, flash 
ROM or EEPROM 80 of FIG. 3; or they can be set, for example, using DIP 

switches. When the motor is started, they are then loaded, for example m 

step INIT S602 (FIG. 8), into the RAM of »C 23. 



51 



The variables that are used can also, if applicable, be modified vaa 
bus B (FIG. 3) . By way of this external bus B, the variables rn EE PROM 80 
can be modified if applicable. Alternatively, EE PROM 80 can be programmed 
by the manufacturer before it is installed. Other variables can also be 
programmed, for example proportional factor RGL_P of the controller, 
integral factor RGL_I , and the overall gain of the controller (FIG. 18). 
When different motors are used, this can be very important in terms of 
achieving optimum drive results. 

The ability to influence variables M0D_f , M0D_f _s , and X is 
particularly important. With MOD_f and M0D_f_s it is possible to adjust the 
controller to different numbers of poles in the rotors used, and to 
different types of setpoint frequency generators 20. If f_s were generated, 
for example, by two-pole rotor 732 and Hall generator 61 of FIG. 29, 
MOD_f_s would then be set to 2 (or optionally also to 4) in order to obtarn 
15 first-class control process results. 

By adapting the parameters to the type of motor and setpoint 
generator being used, it is thus possible to use the same program for 
different motor types. The use of the same program for different motor 
- types eliminates production and development costs, and the manufacturer can 

react very flexibly to customer needs. Distributors or preferred customers 
can also be permitted to program EE PROM 80 themselves, for example rn the 
context of experiments to optimize a drive system. A password functron can 
prevent unauthorized programming by users. 

Parameterization of gearbox factor X allows the same setpoint 
frequency generator 20 to be used for several motors which must run wrth a 
fixed rotation speed ratio among them, although the rotation speed can 
differ from one motor to another. Gearbox factor X makes possible, for 
example, continuous tensioning during transport of a material web (e.g. 
plastic films or textiles), if a gearbox factor X = 1000 is selected for a 
first motor and a gearbox factor X = 1001 for a second motor farther ahead 
in the direction of 
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« M the second motor to run very slightly faster, thus 
motion. This causes the secona 

• ~ r^-f t-h*=> web beinq transported, 
causing tensioning of the web bei g J more dynamic 

ReauLation by means of setpoint frequency r_b 

Regulation y with a hig her setpoint frequency, 

the higher the value of that frequency, wicn y 

however, M C 23 also experiences a greater calculate operation load A 
rat" between setpoint frequency f_s and actual frequency f of f _s . f . 5.1 
ratio ceiwccu * ^_ _ nt . auickly to changes m 

has proven advantageous ^ ^ £ me /n the number of 

;:r:^r~me, F ro:\Jmple the number of edges 110 per second in the 

case of a Hall signal (FIG. 4) . according to the 

FIG . 26 shows an example of the use of t fre quency 
present invention. A setpoint frequency _s » tQ 
g enerator 180 via a line 187 to three motor 181 83 and ^ 

. ■ ^ -rotor of motor 181 has two p^icd, 

the present invention. The rotor Different motors 

183 has four poles, and that of motor 185 has six pox 

183 has to p f motors with different power levels are 

are necessary, for example, n 

required at various locations inte nded to run at 

in this exemplary embodiment, all three mot 

H^f-ined bv the setpoint frequency. For that 
the same rotation speed defined by t P of ^ 

purpose, for example, gearbox factors X <^> _ = and x(185) 

183, and X(185) of motor 185 are set to X(181) - 1, X(18 

= " FIG . 27 schematically shows a photocopier unit having three n,otors 
Ml M2 and M3 according to the present invention, which receive a defined 

. . ffRvia a line 187 from a frequency generator 180. If 
frequency setpoint £_b via a line & rotat ion speed 

mo tor M2, which, for e ~^< f se via a gearbo x factor X. 

different from motors Ml and M3 , it can b set cQntroller as shown 

It is advantageous for a unit of this kind reaula ted to 

in FIG . 20, with which the rotation speed of the motors can be regulated 

zero by means of setpoint frequency f_s, is used. 
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FIG 2 8 shows a further exemplary embodiment having three motors Ml, 
M2 and M3 . Motor Ml emits a so-called tacho signal. A taoho signal can be 
generated, for example, by outputting the signal of rotor position sensor 
61 Using the tacho signal, further motors M2 , M3 according to the present 
invention can be regulated at a fixed ratio to the rotation speed of motor 
Ml The result, even without any special frequency generator, is that the 
three motors run at a fixed rotation speed ratio to one another, since 
motor Ml serves as a frequency generator. 

in the context of the invention, therefore, a setpoint datum that is 
contained in the frequency of a setpoint frequency signal is delivered to a 
uC A motor for which that setpoint is determined in turn sends back a 
frequency signal which contains as datum the actual rotation speed of that 
motor. This frequency signal can come, for example, from a tachogenerator , 
a resolver, a sensor within the motor (e.g. a Hall generator for 
controlling commutation of the motor), or from other types of sensors. 

The setpoint frequency and actual frequency are sensed, continuously 
and approximately synchronously, in the ,C and converted into numerical 
values that are proportional to rotation speed. These numerical values can 
then be manipulated with defined parameters, usually by multiplication or 
division. (Said parameters can be stored, for example, in an EE PROM . What 
is obtained as a result is, for example, a multiple of the sensed setpoint 
frequency or a fraction of the sensed setpoint frequency, or a multiple of 
the sensed actual frequency or a fraction of the sensed actual frequency 
These manipulated values are delivered to a rotation speed controller, and 
a gearbox function can thereby be implemented. In order to adapt or vary 
the control properties, it is moreover very easy to modify control 
parameters that influence the control behavior of the system. 

The manipulated values are compared to one another in the rotation 
speed controller, the system deviation is determined from them and 
processed in a PI controller or a PID controller (as discussed in detail in 
S532 with reference to an example) , and the control output generated in the 
controller is written, 
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• - a mrresDondmg PWM signal is outputted 
i « ;„fn ^ pwm reqister . A corresponuiny = 
for example, into a twi iey . f described, converted 

j 4^ ^hp exemplary embodiment aebLnucu , 

The aearbox factor X can be set at many points, as 
present invention. The gearbox ra actual rotation 

explained, and the actual frequency (corresponding to the 
speed) can be generated in many different ways. 
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